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ABSTRACT
Widespread surface deposits of collapsible silt, up to three feet 
thick, exist intermixed with stable silts in southwest Louisiana in 
approximately a 30 mile wide band extending from Lafayette westward 
to Texas and southeast to the Gulf of Mexico. Known and ;suspected or 
potential areas where collapsible silts exist include the general soils
areas of Coastal prairies, Loessal hills and Mississippi River terraces.
Collapsible silts attract and hold moisture suspended in their 
pores with electro-chemical forces. The presence of electro-chemical 
forces is demonstrated by permeability tests with polar and non-polar 
liquids. Glycol, a polar liquid, does not flow through the silt under 
two meters head of water. However, carbon tetrachloride, a non-polar 
liquid, seeps through the silt more readily than does water (water is 
less polar than glycol).
The dominant clay mineral in the collapsible silts is montmoril- 
lonite. Kaolin and illite were also present.
The silt deposits studied can be classified as collapsible if 
two of the following four requirements are met:
1. In-place unit weight of undisturbed silt should be less than 
80 lbs. per cu. ft.
2. Maximum density obtained by standard compaction (ASTM D 698)
must be less than 104 lbs. per cu. ft.
3. The liquor of silt and stock solution (Calgon and water) 
from the mechanical analysis should be black in color after 
the solids have settled.
viii
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4. The sample should undergo a minimum of 15% strain from 0 to 16 
tons per sq. ft. In a collapse test (a modified consolidation 
test where the sample Is oven dried, then saturated under 
a load).
Collapsible silts In Louisiana can be stabilized with lime or 
cement If construction equipment can Incorporate them Into the soil.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
INTRODUCTION
Widespread silc deposits in southwest Louisiana contain a high 
percentage of moisture within their voids which makes them unstable 
under loading, even under light construction equipment. As a result of 
the instability, the silts must be removed and replaced with fill material. 
The cost of removing them from highway construction sites in Louisiana 
has exceeded $2,500,000 during the period of 1963 - 1970.
Unstable silts cannot be distinguished by routine classification 
and/or by visual field observations from stable silt deposits which have 
more desirable engineering characteristics. As a result, deposits of 
unstable silt are discovered only after construction projects are in 
progress. Delays in the project completion and cost overruns are the 
usual consequences.
The objectives of this dissertation are to identify the physical 
characteristics of unstable silts in Louisiana and present a method for 
distinguishing stable silts from unstable silts.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
BACKGROUND INFORMATION
Problem Statement
Over two and one half million dollars have been spent removing 
surface silts in Southwest Louisiana and replacing structures that 
failed because they were founded on them (Table 1).
Moisture, according to early reports from construction engineers, 
was thought to be the cause of instability. Unstable silts were too 
wet for construction equipment to traverse (i.e., they underwent large 
volume changes when subjected to loads) and they could not be drained. 
These silts seemed to hold moisure suspended in the pores.
Deposits of these unstable silts exist in a band 30 miles wide ex­
tending from Lafayette, Louisiana, westward to Texas and Southeast of 
Lafayette to the Gulf of Mexico (Figure 1). Areas of potentially un­
stable silt surround the known deposits and generally include, but are 
not limited to, the soil areas of the Coastal Prairies, Loessal Hills, 
and Mississippi Terraces (Figure 2). Potential and known areas of un­
stable silt were determined from the sampling program described herein, 
from highway construction records, and from engineering experience in 
the area.
Unstable silts are massive (homogeneous) in structure and are usual­
ly less than three feet thick. In a dry state they have sufficient 
shear strength to support tractors, construction equipment, houses and 
other similar structures. B. A. Touchet (1970), a Soil Conservation 
Service Geologist, gave the following description of these soils in 
the Lafayette, Louisiana area:
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Project No. Highway Segment
Cu. Yd. 
Removed Year Cost*
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US 90 
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424-04-07
450-05-04
450-05-06
SuIphur-Toomey
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Laccasine-Jennings 
Lake Charles-Iowa
New Iberia-Jeanerette
Duson-Lafayette
Lafayette-Intersection La 3052
184.000
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105.000
8,000
212.000 
479,000
1965
1963
1963
1963
1966
1966
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$ 143,000
27.000
60.000 
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7.000
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The Crowley, Caddo, Calhoun, Mowata and other soils with weak 
engineering characteristics in the top 20 inches are problems 
when building low cost roads or when building houses or other 
structures. It has been noted that the thick A2 horizon-rated 
ML is very firm and even hard when dry and has a high bearing 
strength. Structures built on this ML material will stay stable 
until wetting occurs. When wet, this ML (silt), which is very 
porous, turns to liquid, flows, or collapses readily and the 
structure will shift. Excavating to the bearing soil (CL or CH) 
and back filling and compacting or reserving the dryness affords 
some solution for these conditions. These conditions are very 
noticeable on driveways by the cracks and shifts near the edge, 
and in homes where water gets under the house or encroaches against 
the foundation. Doors jam and walls crack when this occurs.
Southwest Louisiana also has many deposits of stable silts similar 
in appearance to the unstable ones. Stable silt deposits may be locat­
ed within a few hundred feet of unstable deposits. Their contacts fre­
quently are gradational. Neither the grain size, grain shape, structure, 
fossil content, nor the Atterberg limits give any indication of the dif­
ference in their behavior during construction.
Inability to distinguish the unstable silts from stable silts is 
a serious engineering problem. Structures built on dry unstable soil 
risk foundation failures (especially structures with mat foundations) 
due to differential settlement or loss of bearing capacity when the soil 
becomes saturated. Failure to recognize an unstable silt causes cost 
overruns and delays in the completion of highway construction projects. 
For highway construction, unstable silts must be stabilized or replaced 
because construction equipment sinks into the material. The practice of 
replacing all silts could be instituted but replacement of stable silt 
is costly and unnecessary.
Mississippi (State) Loess
Unstable silt deposits are similar in structure and grain size to
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the loess deposits of Mississippi. Unstable silts in Louisiana, like 
Mississippi loess, contain over seventy percent silt size particles, 
they are massive in structure, and collapse under load in the presence 
of water. The fact thay they occur downstream of Mississippi loess 
suggests that they may be either loess of similar origin or alluvially 
redeposited loess.
Mississippi loess is composed primarily of silt size grains of 
quartz (Snowden and Priddy, 1968, p. 139). Quartz averages 657» of the 
soil by volume. Montmorillonite is a dominant clay mineral, accompanied 
by illite and kaolinite in decreasing order of abundance (Snowden and 
Priddy, 1968, p. 139).
The loess deposits of Mississippi have a specific gravity of solids 
between 2.66 and 2.73 (Krinitzsky and Turnbull, 1967, p. 46). Porosity 
is between .43 and .54 and the plasticity index ranges between 2 and 12. 
The liquid limit is 24. Silt size particles constitute 897, of the soil, 
the remaining 117. is clay (Krinitzsky and Turnbull, 1967, p. 24).
Soil Collapse (General)
Soil collapse is different from consolidation. Consolidation is 
subsidence resulting from the loss of water and reduction of voids 
caused by excess hydrostatic pressure, whereas collapse is subsidence 
as a result of the addition of water or load. Most collapsible soils 
reported exist in a partially saturated or dry condition because they 
usually are located in arid climates.
A collapsing soil is defined as a soil that undergoes an appre­
ciable loss of volume upon wetting, load application, or the combined 
effects of both (Sultan, 1969, p. 1). Collapses are reported to be
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between four and twenty percent of the original soil lieight (Knight and 
Dehlen, 1963, p. 31). The magnitude of collapse depends on the moisture 
content, load, and nature of the collapsible soil. Soil collapse is not 
instantaneous, but may take several minutes or hours.
Collapse Criteria
Identification and prediction of collapse have proved elusive be­
cause no single criterion can be applied to all collapsible soils. Rou­
tine soil investigations may not indicate the presence of collapsing 
soil. Even more sophisticated testing is not always successful.
In-place dry unit weight, since low unit weights indicate a loose 
structure, is a good criterion for collapse prediction. For loess or 
loess-like material an in-place unit weight of 80 pounds per cubic foot 
(pcf) or less indicates a collapsible soil (Clevenger, 1956, p. 60).
Unit weights between 80 and 90 pcf are transitional while soils above 90 
pcf will settle very little. Holtz and Hilf (1961, p. 677) added moisture 
content to this criterion. Soils with less than 10 percent moisture have 
a high resistance to settlement. Moisture contents over 20 percent, 
however, permit full settlement to accur under load.
Denisov (1951 , in Sultan, 1969, p. 6) introduced a coefficient of 
subsidence and a set of ranges for this coefficient which correlate with 
the degree of collapse.
Coefficient of Subsidence K = ----e
o
where e^ = void ratio at the liquid limit
e = natural void ratio 
o
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K value Degree of Collapse
0.5 to 0.75 Highly collapsing soil
1.0 Non-collapsing loams
1.5 to 2.0 Non-collapsing soil
If the natural void ratio is higher than the void ratio at the 
liquid limit, the soil would collapse spontaneously upon saturation. 
Denisov's theory, however, did not account for the applied stress level 
or structure of the soil.
An interesting criterion incorporating a variation of the dry unit 
weight and water content was proposed by Gibbs and Bara (1962, p. 234) 
and successfully applied to the San Luis Canal in the San Joaquin Valley; 
the soil voids must be sufficient to contain the moisture of the soil 
at its liquid limit. This criterion only applies if the soil is un­
cemented, the liquid limit is applicable, and if the value of the liquid
limit is greater than twenty.
Several attempts have been made to identify collapsing soils by 
use of the consolidation test or a variation of it (Bull, 1964; Knight 
and Dehlen, 1963, p. 33). The 1962 Soviet Building Code predicts col­
lapse in the consolidation test for soils in which the degree of satu­
ration is below 60 percent. According to the Soviet Code (Sultan, 1969,
P" 9): e - e
o L e = initial void ratio
X = ■ Y  T-:---- where
o ~ void ratio at liquid limit
A lambda greater than minus 0.1 indicates collapse.
Milovic (1969, p. 4) in a variation of the consolidation test sug­
gests the concept of a specific coefficient of settlement. The specific
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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coefficient of settlement is defined by the equation below:
1 + e 1 + en n
e^ = void ratio, corresponding to the natural
water content at vertical stress an
e|^  = void ratio, corresponding to the increased
water content, at the same stress an
^  e= change in void ratio after wetting, at the same
stress a  n
Subsidence due to the addition of water can be calculated by multi­
plying the coefficient of settlement by the thickness of the soil 
layer.
Use of the double consoUdometer is suggested by Knight and Dehlen 
(1963, p. 33) to identify collapsing soils. One consolidation test is 
run on the sample at its natural moisture content while the other is
run submerged in the confining ring. The double consolidometer test
has the advantage of indicating the magnitude of collapse over a wide 
range of soil stresses.
Feda (1966, p. 216) proposed a subsidence index (K^) for predict­
ing collapse in partially saturated soils. The subsidence index is
modified from the liquidity index;
„ ^ (wo/So) - wp
L Ip
where wo = Natural moisture content
wp = Plastic limit
So = Natural degree of saturation
I = Plastic Index
P
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Soils which have a subsidence index greater than 0.85 are indicative of 
subsident soils. Those soils which are subsident and also have a natu­
ral degree of saturation less than 60 percent would be expected to col­
lapse. Feda's criteria applies to plastic soils only, because the 
Plastic Index appears in the denominator. Since many loessal and gran­
ular soils are non-plastic, Feda suggested that these soils are subject 
to collapse if their natural porosity exceeds 40 percent (1966, p. 213).
Gibbs developed a new criterion for predicting collapse in 1961.
The parameter R, called the collapse ratio, relates the soil's water 
content at saturation to its liquid limit (Sultan, 1969, p. 10).
R = WS
or R = ( ^'w/Xi) - (1/Gs)
"L
Where ws = water content at saturation 
w^ = liquid limit 
^w = unit weight of water 
^  = dry unit weight of soil 
Gs = specific gravity of solids 
A soil with a collapse ratio greater than one will be near a liquid 
state when saturated and therefore subject to collapse. R values do 
not account for the type or nature of bond between the soil grains.
Kassiff and Henkin (1967, p. 16) proposed the product of dry den­
sity and moisure content as a predictor of collapse for loess. When 
this factor exceeds 15 large settlements may occur.
According to Dudley (1970, p. 927), the only requirements for 
collapsible soils are a loose structure and a moisture content less
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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than saturation. This criterion is of little use, however, because 
any soil above the water table might be classified as collapsing, de­
pending on the interpretation of the term "loose.” Dudley also pre­
sented a description of collapse with a psuedo consolidation test 
(Figure 3). In this test a sample was fabricated from 90% fine sand 
and 10% montmorillonite. After loading and rebound in a dry state, the 
sample is flooded and the collapse is recorded. Dudley disagrees with 
the use of dry unit weight as a failure criterion stating (p. 928):
"The range of dry unit weights where collapse has been experienced 
varies from 64 pounds to 105 pounds per cubic foot. Where cobbles and 
larger particles are present, the unit weights run even higher."
Collapse Mechanism
Addition of water as the triggering action is widely used to ex­
plain the mechanism of collapse. Collapse may occur, however, as the 
result of load application, wetting, or both. For this reason it is 
important to remember that it is the relationship between soil stress 
and shear strength that determines stability. Soil collapse can occur 
either by increasing the stress above the strength or by lowering the 
strength below the stress.
Partially saturated soils have shear strength as the result of 
capillary forces which are destroyed when soils are saturated (Holtz 
and Hilf, 1961, p. 678). Shear strength in the well known Coulomb 
equation is composed of the apparent cohesion and a function of the 
grain to grain stress;
T = c + ^ tan (5
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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g
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9
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After Dudley 1970
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COLLAPSE IN A CONSOLIDATION TEST
FIGURE 3
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where t = s l ie a r  s t r e n g th
c - apparent cohesion 
Q  = effective stress 
(5 = angle of internal friction 
The grain to grain stress is determined in part by the capillary forces 
and is directly related to the effective stress. Effective stress is
the total stress minus the pore water pressure.
a  = 0? - u
where = total average stress due to loads above
u = pressure of the pore water
In partially saturated soil the pore water stress is negative, due to 
the development of meniscus by surface tension. Negative pore stresses 
increase the effective stress above the total stress thereby increasing 
the shear strength. Saturation eliminates the capillary forces thereby 
causing a reduction in shear strength (Figure 4). If the shear strength 
is reduced below the applied stress, collapse will occur.
A hypothetical failure mechanism which involves clay covered silt 
particles is shown in Figure 5. The strength of the soil in this il­
lustration depends on the percentage and strength of the clay binder 
(Kane, 1969, p. 34). At a given clay content, the strength of the clay 
binder depends on the water content. When water is added to a dry soil 
the clay becomes more plastic and loses strength.
Soil particles supported by clay minerals and associated ions 
(Figure 6) may undergo collapse when saturated. Buttresses of clay 
sized material flocculated by ions may form around silt particles as 
the soil dries (Dudley, 1970, p. 937-8). Capillary forces may add to
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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THAN A T M O S P H E R IC
FIGURE 4
Showing how capilla rity  increases 
the groin to groin stresses in o 
portio lly  soturoted soil.
SILT
CLAY
SILT
FIGURE 5
Showing silt porticles whose 
strength depends on the moisture 
content of the cloy binder.
After Kone, 1969, p. 34.
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FIGURE 6
Showing soil particles supported  
by ring buttresses.
After Dudley, 1970, p. 937.
SILTSILT
SILT
FIGURE 7
Showing silt particles separated  
by floculoted cloy buttresses.
After lo n g , 1969, p. 87.
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the strength. Addition of water will reduce the capillary forces and 
ion concentrations. A reduction of ion concentration will, in turn, 
increase the repulsive forces between particles tending to disperse the 
supporting buttresses.
Flocculated clay particles may form buttresses which separate the 
silt particles (Figure 7). Lang (1969, p. 87), while working with a 
mixture of 94% foundry sand and 6% montmorillonite, found "a pronounced 
tendency for individual platelets to stand on edge between sand grains 
and combine in ribbon-like strands which fill the space between adja­
cent sand grains." Lang (1969, p. 87) produced a scanning electron 
micrograph (Figure 8) showing parallel oriented montmorillonite plate­
lets which are shown schematically in Figure 7. Saturating the clay 
buttresses in this case would cause a "mud flow" type of failure.
Review of Solutions
If the deposit is not deep, removal of the collapsing soil or 
compaction is the best solution (Holtz and Hilf, 1961, p. 679). In 
the description of the failure of a road constructed on a collapsible 
soil, Knight and Dehlen (1963, p. 33) recommend compacting the wetted 
soil with vibrating rollers.
Piles and caissons are solutions for structures on deep deposits. 
Displacement piles, such as timber or concrete piles, driven in pre­
wetted soil offer the advantage of compacting the loose soil as they 
are driven, making the subsoil more stable (Holtz and Hilf, 1961, p. 
679). Clevenger (1956, p. 24) recommended cast-in-place concrete piers 
to bedrock for residences in the Denver area which were located over 
a five to six foot layer of collapsible loess.
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Sand Grains Separated By Parallel-Oriented Montmorillonite Platelets 
(After Lang, 1969)
Figure 8
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I’ock and Ireland (1956, p. 173) recommend footings or a raft 
foundation for structures where tlie subsoil can be kept dry:
Because the load settlement curves for (dry) loess often exhibit 
a fairly well-defined break marking the pressure at which the 
open structure of the soli begins to crush or collapse, the 
designer may choose to restrict the footing pressure to a value 
well below the break In the curve so that the structure will 
experience minor settlements. However, he may choose a high 
value and accept larger settlements. The latter alternative 
is feasible because there is little likelihood of a complete 
bearing-capacity failure by rupture In the usual sense. The 
second alternative has often been used by constructors of grain 
elevators, whereas the first alternative Is more suitable in 
connection with conventional structures such as school buildings.
Compaction of the soil by surcharge, prewetting, or a combination 
of surcharging and prewetting has been most successful for large hy­
draulic structures. The Medicine Creek Dam foundation was built by 
prewetting, then by applying a surcharge (Clevenger, 1956, p. 14).
The Medicine Creek Dam Is a 2,750,000 cubic yard rolled earth struc­
ture which is 5,665 feet long and about 115 feet high above the stream 
bed. Dry loess deposits averaging 40 feet deep existed under the 
structure. By prewetting, much of the settlement occurred as the struc­
ture was being built Instead of after the construction was completed 
and the reservoir was flooded. Field ponding has been used to compact 
collapsing soils of the San Luis Canal In the San Jonquln Valley, 
California (Gibbs and Bara, 1962, p, 231).
In addition to the more usual treatments of collapsing soil, 
Johnson (1953) has injected silt in a slurry into the collapsing loess 
of Nebraska. Johnson reports successful stabilization of canals and 
settlement reductions of one half of thode expected under a dam.
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Geology - General
Collapsing soils are found on almost every continent. Sultan 
(1969, p. 10) cited collapses in the USSR, Bulgaria, Israel, Czechos­
lovakia, Argentina, South Africa, Hungary, Rumania, and the United 
States. Dudley (1970, p. 918) reports collapsing soils in several 
other places in Africa, Australia, India, and a variety of other coun­
tries where loess is found. Figure 9 is a map showing collapsible soils 
in the coterminous United States.
Deposits of collapsible soil have been formed by aeolian (wind 
blown), alluvial, and weathering processes. Regardless of the formation 
process, most collapsible soils are geologically recent in age.
Aeolian soils may be loose sand deposits like dunes but more often 
are loessal silt deposits. The term loess represents a megascopically 
massive silt deposit of wind blown origin. Soil particles in loess are 
loosely bonded by clay or calcareous material giving it a low density. 
Saturation or flooding of loess weakens the bonds and reduces its 
strength. Increases in applied stress may also break the cementing 
bonds.
Collapsing soils of alluvial origin include flood plain deposits, 
alluvial fans, and mudflows. One major part of the flood plain depo­
sits are the "loess-like" deposits which are sometimes mistaken for 
loess. The major difference between loess and loess-like deposits is 
the sand content. The sand content of loess rarely exceeds three 
percent where alluvial silt deposits usually contain more than five 
percent sand. A high percent of sand is not found in loess because 
the energy level required for the wind to transport sand is
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significantly higher than that required to transport silt.
Residual soils, formed from the in-place weathering or rock, have 
also been reported to collapse. Collapses of weathered granitic soils 
in South Africa and decomposed gneiss in India are cited by Sultan 
(1969, p. 2).
Geology - Louisiana
The known areas of collapsible silt in Louisiana which are shown 
in Figure 1 exist in a band approximately 30 miles wide extending from 
Sulphur to Lafayette including parishes (counties) of Calcasieu, 
Jefferson Davis, Acadia, Lafayette and St. Martin. Slopes are gentle 
in the area. Rainfall, which averages 60 inches per year, runs off 
to the Gulf,
The general soil types in Louisiana are shown in Figure 2. Flat- 
woods, coastal prairies, and loessial hills are the soil types in the 
study area. Of special interest is the loess of the Lafayette - New 
Iberia area because the term loess is almost synonymous with collapsible 
soil. Daniel and Young (1968) have rejected an alluvial origin for 
the silts in that area for the following reasons: (1) the silty de­
posits occur on the highest parts of the landscape and on the ter­
races; (2) the silty deposit thins in relation to the distance from 
an escarpment which marks its eastern boundary; (3) it mantles the 
underlying topography; and (4) there is an absence of bedded sand and 
clay lenses.
Geologists generally have attributed the surface soil deposits in 
Southwest Louisiana to alluvial origin. Howe and Moresi (1933 , p. 17) 
describes Acadia and Jefferson Davis Parishes as broad flat
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alluvial terraces.
The area between Lafayette and Lake Charles is marked with what 
appears to be meander scars of the ancestral Mississippi and Red Rivers. 
Red colored sediments, similar to those found in the headwaters of the 
Red River can be seen along ditch cuts. Low ridges on the area curve 
and twist about as if they were the remains of natural levees.
Calcasieu Parish is dotted with "pimple mounds," circular mounds 
of silt twenty to eighty feet in diameter and one to three feet high, 
which are also thought to be unstable. Many theories have been proposed 
on this formation including whirlwinds, Indian mounds, ant hills, fish 
nests, sand dunes and deposits accumulating in holes in stagnant ice 
(Holland, 1952, p. 51). Holland et. al.(1952, p. 60) suggests: "the
following combination of factors is responsible for the formation of 
pimple mounds: (1) a sandy or silty soil with a low percentage of col-
lodial clay, (2) an initial surface of very low relief, (3) sufficient 
rainfall to cause erosion, and (4) some type of vegetation peculiar to 
the pimple mound areas." It is interesting to note that the B soil 
horizon in areas where pimple mounds are found contains calcareous 
nodules similar to those reported by Snowden and Priddy (1968, p. 139) 
in the Mississippi loess.
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PHYSICAL TESTING PROGRAM
General
Initially three sites in Calcasieu Parish were located for sampling 
and testing. Two of these sites contained unstable silts and one 
contained stable silt. Unstable silts fron Sulphur, Louisiana, and 
Iowa, Louisiana (Figure 10) were given the designation SlOB and S12B 
respectively. A B designation stands for "bad." The stable silt from 
Chloe, Louisiana (Figure 10) was designated SllG (G denoting "good").
Because the exact nature of the problem was not initially known, 
disturbed samples of SlOB, SllG and S12B were collected and classifi­
cation, permeability, and standard compaction tests were run. Soil 
preparation followed the ASTM D2217 procedure. Drying temperature 
during preparation of the soil was held below 60°C in an attempt to 
prevent major changes in the properties of soil organic matter. Liquid 
limit and plastic limit tests were run according to ASTM D 423 and D424. 
Grain size was determined by the ASTM D442 procedure. Permeability 
tests were run in a falling head permeater with maximum head of two 
meters. ASTM D 698 was followed in performing the standard compaction 
test.
Two special tests, the surcharge compression test and Calgon (brand 
name for sodium metahexaphosphate) test, were developed and applied to 
the samples. In the surcharge compression test, a relative test to 
determine the density a soil will achieve, samples were placed in a 
loose dry state between two porous stones in a two and one half inch 
diameter aluminum cylinder which was coated with teflon to reduce
24
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friction (Figure 11). Stresses varying between 300 and 1,600 lbs. 
per sq. ft. were applied through a piston which fit into the cylinder 
and the samples were submerged in water for three days, after which the 
dry weight density achieved was determined. The Calgon test was de­
veloped because the color of the liquor produced by mixing sample SlOB 
or S12B, water, and Calgon in the mechanical analysis is black while 
the color of the same mixture for sample SllG is brown after soil par­
ticles settled from suspension. Approximately 12 hours were required 
to achieve color stability in the liquor.
Electron microscope and X-ray diffraction studies were conducted to 
determine the particle shapes and the types of clay minerals present in 
the samples. A scanning electron microscope, JEOL Model JSM2, and a 
transmission electron microscope, Phillips Model EMIOOC, were used in 
this study. X-ray diffraction analyses were made with a Norelco high 
angle goniometer equipped with a proportional counter and a copper 
target X-ray tube, operated at 40 kilovolts and 20 milliamperes.
Differential thermal analyses (DTA) and specific gravity determina­
tions were performed on samples SlOB, SllG, and S12B. DTA's were 
run using equipment manufactured by Robert L. Stone Co. Specific 
gravities (ASTM D854) for these soils were also determined. In-place 
unit weights of undisturbed soil were determined with a nuclear 
density device in conformance to Louisiana Highway Department standard 
procedure TR 401 (Appendix A).
Undisturbed samples were obtained with a three inch diameter shelby 
tube driven by a tractor mounted hydraulic ram. The shelby tubes were 
temporarily sealed with plastic bags in the field and then capped with
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paraffin after they were returned to the laboratory. Undisturbed 
samples were shipped and stored in shelby tubes until ready for testing.
A direct shear test was conducted on undisturbed samples of S12B 
to determine its cohesion and angle of internal friction.
A special "collapse" test was performed on undisturbed samples to 
determine the subsidence characteristics of the soil both dry and sub­
merged. The collapse test was run in accordance with ASTM D2435 con­
solidation procedure with the following exceptions. The sample was 
first oven dried, loaded dry in a load increment ratio of one to eight
tons per sq. ft., rebounded to four tons per sq. ft., and flooded with
water. Dudley (1970, p. 927) ran a similar test except that it was 
run on a fabricated sample (Figure 3).
A soil survey, where samples were taken at approximately half 
mile intervals (Figure 12), was made to determine the extent of the 
unstable S12B (Iowa) deposit. Disturbed and undisturbed samples were 
taken along a north-south centerline throughout the area. Standard 
compaction, in-place density, grain size, Calgon, and liquid limit 
tests were run on these survey samples.
Soil profile samples were collected and tested to determine whether
leaching had caused these silts to become unstable. Samples at various
depths up to five feet were subjected to chemical and mechanical tests 
to determine whether a soil binder had been leached out and redeposit­
ed in the underlying soil. Unstable samples S12B, SlOB, TS7, and TS17 
and stable silt SllG were included in the soil profile testing. The 
tests performed included liquid limit, plastic limit, grain size, pH, 
organic content, and weak acid extractable phosporous, potassium.
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calcium, and magnesium. Soil chemical analyses were run by weak acid 
extraction as described in Bulletin No. 632, "Analytical Methods and 
Procedures Used in the Soil Testing Laboratory" (Brupbacher, et. al., 
1968). The chemical test for organic content gives results approxi­
mately one third lower than by combustion.
Highway department engineers from the Lafayette district furnished 
ten distrubed samples taken from a section of U.S. Highway 90 at one 
mile intervals where construction difficulties were encountered in 
1966 (Figure 13). Standard compaction and Calgon tests were performed 
on the disturbed samples. In-place unit weight tests were run in the 
field at a later date.
Samples were also taken at 1,000 ft. intervals along the center- 
line of a segment of U. S. Highway 90 which was under construction 
south of New Iberia, La. and adjacent to the Lafayette sampling sites 
(Figure 13). Standard compaction, in-place unit weight, grain size, 
collapse and Calgon tests were performed on the New Iberia samples.
A "Calgon washed" test was developed in an effort to determine 
if the material which goes into solution in the Calgon-water mixture 
is responsible for the soils' unstable condition. In a "Calgon washed" 
test, Calgon is mixed on a 3% by weight basis with soil, washed in 
3 ml. of distilled water per gram of soil, then removed along with 
other dissolved solids by centrifuging. After washing, the soil is 
rinsed with distilled water and centrifuged at 1850 rpm for 15 minutes 
three times to insure that all of the Calgon and dissolved solids are 
removed. No visible suspended solids or clays were lost in the washing 
operation. Calgon-washed tests were performed on SlOB, SllG, S12B,
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Lafayette and New Iberia samples.
Pimple Mounds, mounds of silt twenty to eighty feet in diameter 
and one to three feet high, were sampled and tested because they occur 
in the region where unstable silts are found. Results of the Pimple 
Mound study are included in Appendix B because they contained 24 to 
42% sand, substantially more than the samples examined previously 
which contained as low as 1%, but no more than 20% sand.
The effect of cement and lime on the properties of unstable sample 
S12B and stable sample SllG was evaluated by laboratory tests in an 
effort to determine whether collapsible silts (S12B) could be stabilized. 
Mixtures of silt and cement were subjected to unconfined compressive 
strength and durability tests. Specimens for soil cement testing were 
prepared and tested in accordance with the Portland Cement Association's 
procedures (PCA, 1959, p. 27). All soil cement samples were molded in 
accordance with ASTM D559. Compressive tests were run after samples 
were cured for 7 to 14 days. Durability, as measured by the brush 
test, was tested in accordance with ASTM D559.
Liquid limit, plastic limit, grain size, pH, compressive strength, 
and standard compaction tests were run on lime treated samples. Grain 
size, pH, and compressive strength testing procedures are included in 
Appendix A. Liquid limit, plastic limit and standard compaction tests 
were performed according to the ASTM standards.
Permeability
The results of the initial permeability test seemed erratic be­
cause, when the test was repeated 24 hours after the initial testing.
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the permeability of the soils was lower. Sample lengths averaged ten 
centimeters. Prepared soil was placed in a loose dry state in a Incite 
cylinder between porous carborundum stones. Water was permitted to 
flow vertically through the sample until the sample was saturated be­
fore any readings were taken.
Because of the seemingly erratic permeability results, a drainage 
test was devised to determine whether the soils would drain. Samples 
were prepared at moisture contents above their liquid limit, placed in 
Incite cylinders over porous carborundum stones, and allowed to drain. 
The samples, Incite containers and stones were weighed each day to de­
termine the weight loss. Less than 17% (.3 lbs.) of the water drained 
or evaporated from any sample within a week (Table 2). This same 
drainage test was run with samples used for the permeability tests 
mentioned above. After the permeability tests were completed they 
were allowed to drain freely for a period of one week. Virtually no 
water was lost from these specimens during this period of time.
Permiability tests, when rerun, show the permeability of silts 
decreased with time. A linear relationship exists between log time 
and log permeability (Figure 14). The equation for these relation­
ships is of the general form:
K = At"
where K = permeability (cm/sec)
A = permeability at t = 1 
t = lapsed time (days)
Some reduction in sample height took place as a result of the two 
meters head which acted as seepage force. The amount of height
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TABLE 2 
DRAINAGE TEST 
(Wt. of Soil and Cylinder)
)ays
lined
Moisture
Liquid
Above
Limit
Samples Saturated 
From Permeability Test
S12B
w=247o
SlOB 
w—42%
S12B SlOB
0 7.00 6.53 4.89 4.89
1 6.93 6.47 4.89 4.89
2 4.89 4.89
3 4.88 4.88
4 6.81 6.39 4.88 4.88
5 6.77 6.36 4.88 4.87
6 6.74 6.33 4.88 4.87
7 6.70 6.30 4.88 4.86
w = wt. of water 
wt. of soil
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reduction was 0.7 cm in 10.7 cm for sample S12B, 0.3 cm in 8.9 cm for 
sample SllG, and 0.3 cm in 7.8 cm for sample SlOB. When the permea­
bility samples were removed from the cylinders, remolded, and returned 
to the permeameters, the permeability was reduced by a factor of 20 
(from 6.2 X lO'^ to 3.3 X 10‘^cm/min) for S12B, 10 (1.6 X lO”^ to 
1.6 X lO'^cm/min) for SllG, and 4 (9.7 X 10“  ^ to 2.8 X lO'^cm/min) 
for SlOB.
Permeability tests on sample S12B with polar and non-polar liquids
indicated that water, a polar liquid, is somehow attracted by and
held to the soil. Sample S12B was saturated with carbon tetrachloride,
a non-polar liquid, mixed with a mechanical mixer, then placed under
two meters head of carbon tetrachloride. Permeability from this test
-4was in the order of 5 X 10 cm per second. Only one test was run 
with carbon tetrachloride because of its toxic vapors. Sample S12B 
was also mixed with ethylene glycol, an extremely polar liquid, and 
placed under two meters head of water. After one hour, no flow had 
taken place and the porous ston^ i below the sample remained dry.
Classification
Mechanical analyses show that no significant difference in grain 
size exists between stable and unstable silts. All three samples 
contain 10 to 20% sand, 70% silt, the remainder being clay (Figure 15).
Liquid limits for SlOB, SllG, and S12B are 32, 20, and 23 respec­
tively. All three samples were non-plastic.
The specific gravities of SlOB, SllG, and S12B are 2.53, 2.62, 
and 2.60 respectively.
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Standard Compaction
Maximum density obtained from tho standard compaction tests is 
higher in the stable silt than the unstable silts (Figure 16). Stable 
sample SllG had an average maximum density of 107 lbs. per cu. ft. at 
14.47, moisture. Unstable samples S12B and SlOB reached a maximum density 
of only 102.8 and 101.5 lbs. per cu. ft. respectively at 16.2 and 17.97, 
moisture. The difference in maximum compaction densities of 5 pounds 
per cubic foot at a lower moisture content was the first property 
Identified by the researchers with which to distinguish stable and un­
stable silts.
Table 3 Is a summary of standard compaction tests run on samples 
SlOB, SllG, and S12B. Included In Table 3 are four tests on each soil 
which contain 17, additive. Four samples were taken from compaction 
data (Table 4) where additives of Barium Sulphate, Gypsum, lime, and 
cement from 1 to 107, by weight have been mixed Into samples SlOB, SllG, 
and S12B and compacted Immediately. The effect on compaction density 
of up to 107, additive Is negligible.
Surcharge Compression
Sample SllG assumes a more dense structure under vertically ap­
plied loads in the "surcharge compression test" than samples S12B and 
SlOB (Figure 17). The unit weights attained by SllG averaged 88 lbs. 
per cu. ft. where those for SlOB and S12B averaged 78 and 80 lbs. per 
cu. ft. respectively. The magnitude of the applied vertical stress 
had little effect on the dry density achieved at the end of the test 
In the range of 200 to 1,600 lbs. per sq. ft.
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TABLE 3
SUMMARY OF STANDARD COMPACTION RESULTS 
(Maximum Density and Optimum Moisture Content)
Iowa (S12B) Sulphur (SlOB) Chloe (SllG)
Run y Ibs/cu ft 
d)MAX
w %
OPT
y Ibs/cu ft 
d)MAX
w %
OPT
y Ibs/cu ft 
d)MAX
w %
OPT
1 105.0 16.7 102.6 18.4 108.6 15.0
2 105.5 15.9 103.0 18.7 107.0 14.6
3 106.0 15.4 102.3 17.5 109.6 13.1
4 104.0 14.8 101.1 17.5 106.4 14.3
6 105.0 15.8 103.0 18.7 107.2 14.2
7 102.6 15.4 102.3* 16.7 108.6 15.0
8 103.6 15.8 101.2* 17.8 107.2* 14.5
9 100.5 17.1 99.8* 18.3 108.0* 15.0
10 101.6* 16.5 99.8* 18.3 108.1* 14.2
11 101.0* 17.0 106.6* 14.5
12 101.7* 17.2
13 99.8* 16.5
Average 102.8 16.2 101.5 17.9 107.6 14.4
^Contains 17o additives (See TABLE 4)
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TABLE 4
SUMMARY OF STANDARD COMPACTION TESTS WITH ADDITIVES 
(Maximum Density and Optimum Moisture Content)
SlOB SllG S12B
Additive y Ibs/cu ft w % 
d)MAX OPT
y Ibs/cu ft 
d)MAX
w % ] 
OPT
/ Ibs/cu ft 
d)MAX
w %
OPT
None 103.0 18.7 108.6 15.0 100.5 17.1
1% Gypsum 102.3 16.7 107.2 14.5 101.6 16.5
37o Gypsum 106.5 15.1 101.4 16.6
10% Gypsum 101.9 17.3 106.8 14.8 102.4 16.9
1% Ba Sulphate 101.2 17.8 108.0 15.0 101.0 17.0
10% Ba Sulphate 103.0 18.1 110.0 14.2 103.3 17.3
1% Cement 99.8 18.3 108.1 14.2 101.7 17.2
10% Cement 99.1 19.3 106.8 15.4 103.0 15.8
1% Lime 99.8 18.3 106.6 14.5 99.8 16.5
10% Lime 93.1 20.5 101.3 16.5 97.1 18.7
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Calgon Test
The liquor produced in a Calgon test of unstable silt was black 
in color. Stable samples produced a brown or gray liquor not much 
different from plain soil-water mixtures (without Calgon). In Figure 
18 unstable samples SlOB and S12B and stable sample SllG are shown as 
they appear in (1) water (Figure ISA -- lOOg soil in 300 ml of distil­
led water), (2) the Calgon test (Figure IBB -- lOOg soil and 3g Calgon 
in 300 ml of distilled water), and (3) the mechanical analysis (Figure 
18C). A description of the Calgon Test is included in Appendix A.
Electron Micrographs
No significant difference in particle shape between samples 
SllG and S12B can be seen from electron microscope studies. Many soil 
particles from both samples were well rounded (Figure 19) and both 
samples contained particles which were agglomerations of smaller soil 
particles (Figure 20). Fossils were absent except possibly for 
micro fossils which are in the 1 to 10 micron size range (Figure 21). 
These debris are similar to those reported by Beutelspacher and Van 
Der Marel (1968, p. 264) as siliceous diatoms but may be plant matter.
Clay Mineralogy
The clay size fraction of soil is especially important because it 
gives the soil many of its physical properties such as plasticity, 
shrinkage and swelling characteristics, and cohesion. Clays are 
small crystalline particles (less than .002 mm.) which are members of 
a group of minerals called clay minerals (Grim, 1968, p. 21). The 
crystalline structure of clay minerals determines their physical
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properties and provides the basis for their identification. When 
subjected to X-ray diffraction, each mineral exhibits peaks which are 
characteristic of its crystalline structure. Because diffraction 
characteristics of many clay minerals are similar however, other tech­
niques such as furnace heating (minerals are destroyed at -different 
temperatures), acid treatment(some minerals are destroyed by acid, 
others are not), and glycol saturation (some minerals expand in glycol 
to a specific spacing) must be used in conjunction with diffraction 
analysis in order to positively identify which minerals are present in 
a clay mixture.
The clay fractions of S12B (Iowa), SlOB (Sulphur), and SllG 
(Chloe) silts were analyzed by X-ray diffraction in order to determine 
which clay minerals were present. X-ray diffraction patterns were ob­
tained using air dried parallel oriented clay samples less than two 
microns, then compared with similar samples which were (1) glycolated, 
(2) heated from 250°C to 600°C at 50°C increments, and (3) treated 
with IN HCl.
The presence of montmorilIonite in samples SlOB and S12B and il- 
lite in sample S12B is indicated from comparisons of diffraction pat­
terns from air dried and glycol saturated samples (Figure 22). Air 
dried montmorillonite has a broad diffraction peak between 5-8° 20 
(12-ISA). When glycol saturated, the montmorillonite peak expands to 
5.2° 20 (17A) (Jackson,1956, p. 212). Illite has a diffraction peak 
at 8.8° 2-0 (lOA) which is partially obscured in the air dried sample 
S12B by the broad montmorillonite peak. Glycol saturation, which 
has no effect on illite, enhances the illite peak by shifting the
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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montmorillonite peak to the right.
Comparisons of diffraction patterns from air dried and heated 
samples confirm the presence of montmorillonite in samples SlOB and 
S12B and indicate the presence of vermiculite in SllG. The air dried 
montmorillonite peaks (5-8° 2-G) of SlOB (Figure 23) and S12B (Figure 24) 
collapse to 8.6° 20 (lOA) when heated to 300°C. The montmorillonite 
peaks remain collapsed and are not destroyed at 450°C and 550°C. The 
6.0° 20 (14.2A) vermiculite peak in air dried SllG (Figure 25) collapses 
at 300°C to 8.6° 20 (IDA). Vermiculite, however, is not destroyed 
at 450°C or 550°C. Loss of the 12.2° 20 (7A) peak, as occurred in 
sample SllG (Figure 25), at 450°C has been attributed to intergrad- 
ational material, i.e., incomplete "brucite-islands," between vermicu­
lite layers (Johns, et. al., 1954, p. 243).
The presence of kaolonite in all three samples is confirmed by 
comparing diffraction patterns (Figure 26) of air dried samples with 
1 N HCl treated samples. Acid treatment destroys the 12.4° 20 
(7.2A) and 24.8° (3.6A) peaks if they are due to the presence of chlor­
ite but leaves kaolinite unaffected.
Quantitative analyses of quartz, a stable mineral which is highly 
resistant to weathering, were made in an effort to distinguish between 
stable and unstable silts. Samples SlOB, SllG, and S12B contain 46%, 
76%, and 60% quartz respectively by weight. Details of the tests are 
included in Appendix C. The effort was considered unsuccessful because 
SllG did not contain significantly more or less quartz than SlOB and 
S12B.
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In-Place Unit Weight
In-place unit weight of undisturbed silts, measured with a nuclear 
density device, was found to be lower for unstable soils represented 
by samples S12B and SlOB than for the stable one (SllG) (Table 5). 
In-place unit weights for samples S12B and SlOB averaged below 80 
pounds per cubic foot where the only undisturbed site found for SllG 
was 88 pounds per cubic foot. In-place unit weights for sites which 
were disturbed ranged between 95 to 110 pounds per cubic foot. The 
in-place unit weights were made at sites which were least likely to 
have been disturbed by construction or farm equipment. The difference 
in in-place unit weights of 8 lbs. per cu. ft. furnished a third 
property, along with the black Calgon liquor and standard compaction 
density, with which to distinguish stable and unstable silts.
Direct Shear
Sample S12B has an apparent cohesion of 0.4 tons per sq. ft. and 
an angle of internal friction of 30 degrees (Figures 27 and 2b>.
Iowa. Louisiana Survey
The topographical features of unstable silt deposits at Iowa were 
studied from aerial photographs and by site visits. They were found 
to be located on shallow, but well drained, ridges. Slopes from the 
ridges were gentle, i.e., less than one foot per 100 feet, to the 
northwest and southeast. Disturbed and undisturbed samples were taken 
at approximately half mile intervals (Figure 12).
Sampling results at Iowa indicate farming has changed the soil 
composition (Table 6), probably by turning into the silts a part of
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TABLE 5
IN PLACE DRY UNIT WEIGHTS AND MOISTURE CONTENT
Date
AS MEASURED 
OF
Iowa
AT DIFFERENT TIMES 
THE YEAR
Sulphur Chloe
Ibs/cu ft w7o Ibs/cu ft w7o Ibs/cu ft w7o
Oct. 69 75.0 21.3 77.0 18.0
Jan. 70 75.7 22.6 82.5 23.6 88.3 23.3
July 70 82.4 15.3
July 70 78.7 12.2
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Sample
SUMMARY OF TEST 
Standard Compaction
TABLE 6 
RESULTS OF
In Place 
Density 
(Ibs/cu ft)
SOILS FROM IOWA* 
Grain Size Calgon
Color
Test
%)MAX 
(Ibs/cu ft) ( % r % Silt % Clay
S12B 102.8 16.2 78 71 9 Black
TSl 107.6 13.5 94.7 67 19 Black
TS2 112.6 13.3 8.9 62 19 Brown
TS3 110.4 14.1 95.1 70 17 Brown
TS4 109.5 14.1 106.8 65 25 Dark Gray
TS5 110.2 13.4 101.0 75 13 Brown
TS6 112.4 12.9 104.1 74 10 Brown
TS7 105.2 15.5 100.4 64 9 Black
TS8 112.2 12.7 102.4 58 13 Dark Gray
TS9 112.0 13.0 104.4 57 17 Dark Gray
TSIO 109.1 13.9 99.1 73 12 Gray
TSll 111.4 13.6 96.3 61 25 Black
TSI2 112.4 12.9 104.9 61 14 Gray
TS13 110.8 14.3 63 19 Gray
TS14 112.2 12.6 110.5 61 25 Dark Gray
TS15 112.5 13.2 105.5 47 22 Brown
TS16 112.2 12.8 110.6 42 17 Brown
TS17 103.5 16.2 73.2 72 5 Black
TS18 105.1 14.8 83.1 68 13 Black
TS19 102.3 15.8 66.8 74 5 Black
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the clay pan below. TSl, for example, contains only 9% clay, whereas 
the original undisturbed S12B sample (located only 100 feet away) con­
tains only 9% clay.
The Calgon test was applied to Iowa soil profile survey samples 
TSl through TS16. Three of them, TSl, TS7, and TSll, turned black 
(Table 6). Field investigation of test sites 7 and 11 revealed both were 
on shallow ridges. TSll, although one mile away, was a part of the same 
ridge from which the original S12B and TSl samples were taken. TS7 had 
a similar grain size distribution to S12B and significantly lower standard 
proctor density, 105.2 lbs. per cu. ft., than the other test sites.
These additional test sites, TS17, TS18, and TS19 contained un­
stable silt similar to S12B and were discovered on a field survey make 
southeast of the S12B site (Figure 29). The survey was made by ob­
serving the sequence of strata along ditch cuts and measuring in-place 
densities with a nuclear density device. Test results are shown in 
the last part of Table 6. All three test sites were on ridges, had 
similar in-place unit weights, maximum standard compaction densities, 
and grain size to sample S12B. All three samples also turned black in 
the Calgon test.
An effort to use the slope of the liquid limit plot (log of 
blows vs. water content) as an identification method was unsuccessful 
because no trend in the slopes was apparent. Appendix C contains 
plots of liquid limits for TSl-19.
Collapse Test
The "Collapse test" shows unstable silts undergo more strain 
(change in void ratio) under load than stable silts (Figure 30).
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Unstable silts underwent strains up to 23.67. under 16 tons per square 
foot load where strains in stable silt were only 14.57. (Table 7). Col­
lapse, or subsidence, in the lab takes a few minutes to occur (Figure 
31). A standard consolidation test on S12B (Figure 32) gives approx­
imately the same strain results between 0 and 16 tons per sq. ft. as 
the collapse test but does not show the effect of water on a dry soil.
Soil Profiles
Results of chemical analyses of the A and B horizon soils of sub­
ject areas (Table 8) do not indicate extensive leaching of soil mine­
rals from the unstable silts and redeposition of leacheates in lower 
horizons. The clay content increases in all samples from top to bot­
tom by 157, to over 30%. The liquid limit and plastic index increased 
as expected, with increasing clay content. Tests for pH indicated 
acidic (4.5) soil for samples SllG, S12B, and TS 17 and neutral (6.8) 
for samples SlOB and TS7. The organic content of all samples was less 
than 1.5%. Leaching of extractable nutrients has been more severe in 
stable silt SllG because increases of these elements with depth are 
found to be greater. The pH test is important in the soil profile 
because the pH affects soil particle charges and organisms which de­
grade organic matter in the soil. Microorganisms can exist only in a 
suitable environment, i.e., soil which is too acidic or basic will not 
support microbes. Jackson (1968, p. 42) points out that higher pH 
values are obtained when the ratio of water to soil is increased. A 
soil to water ratio of 1:1 by weight was used in the pH determination.
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Sample
% Strain in per in
Sample
7o Strain in per in
0-16T 8T-8R 0-16T 8T-8R
S12B-1 15.0 5.0 TS-2 11.3 6.6
S12B-11 6.1 1.6 TS-4 5.9 2.8
S12B-12 5.6 1.3 TS-5 8.5 4.3
S12B-13 9.8 3.4 TS-6 6.1 2.4
S12B-2 15.3 5.5 TS-8 11.0 4.0
S12B-22 11.4 2.6 TS-9 10.4 4.5
SI2B-23 10.2 2.3 TS-10 11.8 4.0
SI2B-33 11.6 0.0 TS-11 16.5 8.7
S12B-4 21.9 12.8 TS-12 8.0 2.5
S12B-41 15.3 6.6 TS-13 7.4 3.4
S12B-43 12.1 3.7 TS-14 6.0 2.3
S12B-44 12.4 0.0 TS-15 6.6 2.2
S12B-5 8.6 0.0 TS-16 6.2 2.0
S12B-X 16.9 6.6 TS-17 19.6 6.5
SIlG-11 14.3 6.2 TS-18 23.6 13.0
SllG-12 11.7 5.3
SllG-14 14.5 3.0
SllG-2 11.5 4.4
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TABLE 8
SOIL PROFILE SURVEY RESULTS*
Extractable
8 Grain Size Liquid Plastic pH Organic** Nutrients (PPM)
C Q
Sample Depth (In) 7. Sand 7, Silt 7o Clay Limit Index 1:1 Soil Water Material % P K Ca Mg
i
3
CD
S12B 0-14 14 71 15 23 0 6.2 1.5 20 115 880 116
"nc
14-20 5 67 28 24 9 4.5 0.6 5 25 240 172
3 .
3 "
CD 20-26 9 55 36 31 17 4.4 0.6 5 40 480 325
CD
■ D
O
Q .
26-32 10 51 39 40 25 4.7 0.3 5 75 680 425
C
a
O
32-38 12 55 33 37 25 5.7 0.1 5 70 800 491
■ D
O 38-44 14 53 33 40 27 6.2 0.0 5 80 880 589
CD
Q .
"O
CD
C/)
o'3
SllG 0-8 19 68 13 20 0 4.5 1.2 12 90 210 56
8-14 12 61 27 26 12 4.1 0.4 5 50 160 121
14-20 7 44 49 47 29 4.2 0.4 5 90 680 306
20-26 5 43 52 52 33 4.3 0.4 5 120 1200 428
26-32 5 43 52 52 34 4.4 0.4 5 140 1520 498
32-38 4 41 55 57 40 4.8 0.4 5 150 2000 576
^Chemical tests performed by LSU Department of Agronomy Laboratories 
**By acid dissolution-approximately 2/3 of value by combustion
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TABLE 8
SOIL PROFILE SURVEY RESULTS* (CONTINUED)
Extractable
8
Grain Size Liquid Plastic pH Organic** Nutrients (PPM)
■ D
C Q -
Sample Depth (in) 7. Sand 7. Silt 7o Clay Limit Index 1:1 Soil Water Materia 17o P K Ca Mg
3 "
i
3
CD
SlOB 22-2B 6 65 29 27 12 6.0 0.6 5 45 880 548
"n
c
28-34 6 61 33 28 15 6.7 0.2 5 45 720 608
3.
3 "
CD 24-40 6 56 38 35 21 6.9 0.2 5 50 800 713
CD"O
O
Q .
40-46 5 53 42 46 33 7.1 0.1 5 70 880 880
C
aO 46-52 4 56 40 40 26 7.1 0.1 5 60 840 781
■ D
O
3 "
TS 7 9-15 14 49 37 40 25 6.5 0.8 5 110 1760 298
CTl—h
CD
Q .
15-21 11 43 46 56 40 6.4 0.4 5 140 2000 490
g
1—H
3 "O
21-27 12 45 43 51 36 6.5 0.2 5 120 1800 530
■O
CDq
27-33 12 47 41 44 30 6.3 0.1 5 100 1680 523
3
c /) '
c /)
o"
33-39 13 47 40 41 29 6.6 0.1 5 100 1600 484
3
TS 17 20-26 17 65 18 21 5 4.2 0.6 5 20 120 35
26-32 16 63 21 21 5 4.2 0.3 5 25 120 56
32-38 15 60 25 24 9 4.4 0.2 5 30 120 96
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m TABLE 8
1
M. SOIL PROFILE SURVEY RESULTS* (CONTINUED)
3
^ Extractable
m Grain Size Liquid Plastic pH Organic** Nutrients (PPM)
0 Sample Depth (in) % Sand % Silt % Clay Limit Index 1:1 Soil Water Material?» P K Ca Mg
"Ov< ■■■"■* ■ —  ■ ■ ■ ■ ■ I .  I. ■ ■ ■ ■  " - ' '  ' ■ ■ ■ ■ ■ ■  ■ ■ ■■ ■ ■ . ' ' '
C Q '
1 TS 17 38-44 12 55 33 36 22 4.5 0.2 5 45 160 250
3
CD
" 44-50 13 50 37 40 23 4.6 0.3 5 60 320 334Tl
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*Chemlcal tests performed by LSU Department of Agronomy Laboratories
**By Acid dissolution-approximately 2/3 of value by combustion
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Lafayette Samples
All of the Lafayette samples, except the one identified as mile 
three, exhibited the same disturbed soil characteristics as unstable 
samples SlOB and S12B (Table 9), i.e., they turned the calgon-water 
solution black, had a maximum standard compaction density less than 
104 lbs. per cu. ft., and had in-place unit weight below 80 lbs. per 
cu. ft.
A linear relationship exists between the maximum compaction den­
sity and optimum moisture content of Lafayette samples (Figure 33).
This relationship is thought to exist as the result of the electro­
chemical forces which hold moisture in the silts. Stronger forces 
cause a looser structure thereby lowering the maximum compaction 
density.
New Iberia Samples
Samples obtained at the New Iberia sites exibited several prop­
erties common to unstable silts. Standard compaction densities were 
below 103 lbs. per cu, ft. for all ten test sites (Table lOA). A
linear relationship exists between the maximum compacted unit weight
and water content at which it occurs (Figure 34). All of the samples 
subsided in excess of 7% during the collapse test between 0 and 16 
tons per sq. ft. (Table lOB).
All samples were disturbed as the result of extensive sugarcane 
farming in the area. Because of the disturbance, in-place unit weights 
between 86 and 96 lbs. per cu. ft. were found at all New Iberia sample
sites (Table lOA). Sample NI15 was the only sample which turned black
in the Calgon test (Table 11).
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SUMMARY OF LAFAYETTE RESULTS
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Sample
Std. Compaction
Wopf Calgon Test 
Ibs/cu ft (7o) Color
In-Place Unit Weight 
Ibs/cu ft
Mile 0 103.5 18.7 Black
Mile 1 98.0 21.0 Black 68
Mile 2 95.0 24.0 Black (Muddy) 63
Mile 3 105.5 16.8 Brown 69
Mile 4 100.0 20.6 Black
Mile 5 102.5 18.5 Black
Mile 6 100.8 20.0 Black 63
Mile 7 95.5 23.2 Black 76
Mile 8 102.5 19.0 Black (Muddy Near BTM) 75
Mile 9 99.5 20.3 Black 66
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TABLE lOA 
SUMMARY OF TEST RESULTS OF 
SOILS OBTAINED FROM NEW IBERIA
Standard Compaction In-Place Density 
Sample y Ibs/cu ft w% Ibs/cu ft w%
d)MAX OPT
Grain Size 
Silt % Clay %
,005 to .070mm ,005mm
NI 1 96 22.6
NI 2
NI 3 97.0 20.7 89 28.6 67 32
NI 4 101.2 16.7 91 26.0 84 15
NI 5 102.7 19.1 86 19.5 74 25
NI 6 102.8 17.1 90 16.7 78 17
NI 7 103.0 18.0
NI 8 101.0 18.0 74 24
NI 9 97.5 20.6 90 28.5 66 33
NI 10 92.8 22.6 91 25.5 62 36
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TABLE lOB 
SUMMARY OF TEST RESULTS OF 
SOILS OBTAINED FROM NEW IBERIA
7')
Collapse °'o Strain in per in Calgon Test
>ample 0-16T 8T-8R Color
NI 1 15.5 7.4
NI 2 9.5 4.7
NI 3 13.5 10.0 Dark Brown
NI 4 7.2 4.2 Black
NI 5 14.8 9.9 Brown
NI 6 17.0 10.7 Very Dark Brown
NI 7 Very Dark Brown
NI 8 11.5 5.9 Very Dark Brown
NI 9 15.4 4.5 Very Dark Brown
NI 10 12.1 4.6 Dark Brown
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TABLE 11
SUMMARY OF "CALGON WASHED" LIQUID LIMIT RESULTS
Sample Liquid Limit
Calgon Washed 
Liquid Limit
Change in 
Liquid Limit
SllG 20 20* 0
SlOB 32 23* -9
S12B 23 19* -4
Lafayette Mile 0 33 28 -5
Lafayette Mile 1 36 38 2
Lafayette Mile 2 45 40 -5
Lafayette Mile 3 31 27 -4
Lafayette Mile 4 37 29 -8
Lafayette Mile 5 31 31 0
Lafayette Mile 6 32 31 -1
Lafayette Mile 7 40 43 3
Lafayette Mile 8 32 24 -8
Lafayette Mile 9 30 27 -3
New Iberia TS 3 41 41 -1
New Iberia TS 4 29 24 -5
New Iberia TS 5 31 27 -4
New Iberia TS 6 27 24 -3
New Iberia TS 7 35 43 8
New Iberia TS 8 35 41 6
New Iberia TS 9 40 50 10
New Iberia TS 10 
*Average of three tests
47 59 12
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nCalgon Liquor Extract
An infra-red spectrograph (Figure 35) of the dry calgon liquor 
salts of S12B has five areas of minimum transmittance, 3400, 2900,
2820, 2350, and 1510 cm which are common to lignin (Brauns, 1952, 
p. 222). The peak at 1625 cm  ^ (Figure 35) is characteristic of 
calgon.
A second infra-red spectrograph of S12B, which is extracted with
_1
chloroform, (Figure 36) shows three peaks at 2955, 2920, and 2860 cm 
which are characteristic of cellulose and lignin products.
Results from a total chemical analysis X-ray diffraction study, 
and differential thermal analysis of S12B Calgon liquor salts (since 
they were not instrumental in identification) are included in Appendix 
E. The chemical analysis shows the S12B Calgon liquor contains materi­
als normally found in Calgon and clays.
Alexander (1961) reports the following about lignin:
Natural materials rich in lignin are less readily utilized 
by microorganisms than lignin poor products. It is not un­
common to find that the rate of decay of plant debris is prop­
ortional to their content of lignin (1961, p. 154).... The 
rate and extent of lignin decomposition are affected by tem­
perature availability of nitrogen, anaerobiasis, and by con­
stituents of the plant residue undergoing decay (1961, p. 201).
Calgon Washed Soil Properties
"Calgon washing" reduced the liquid limit of unstable silts ex­
cept when the organic content of the soil, as determined by the com­
bustion method, i.e., heating at 440°C for five hours (Arman, 1969, 
p. 30), exceeds 4%. Calgon washed liquid limit tests were run on 
SllG, SlOB, S12B, Lafayette, and New Iberia samples (Table 11). The
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organic content has affected the results of this test by causing the 
calgon washed liquid limit to increase with increasing organic content, 
A linear relationship exists between the organic content of New Iberia 
samples and the change in liquid limit due to calgon washing (Figure 
37).
Electro-Osmotic Stabilization
Stabilization of silts by removal of moisture with electro­
osmosis was not tried because electro-osmosis is not an effective means 
of de-watering silt. L. Casagrande reports on construction experience 
(1952, p. 77):
It is of particular interest to note that during the period 
of approximately six months during which electro-osmosis was 
kept in operation on this project, the average water content of 
the affected soil decreased only about one-half per cent.
Although electro-osmosis could not be regarded as an 
economical proposition if applied with the intention of de­
creasing moisture content of a material to any considerable 
extent....
Cement Stabilization
Samples of S12B containing 6% to 14% portland cement developed
lower unconfined compressive strengths at the end of 7 and 14 days
curing periods than did specimens molded with SllG. Soil cement
samples were cured in a 100% humidity room for 7 days and 14 days,
measured for diameter, height and weight, soaked in water for four
hours, then broken in compression. Each point on Figure 38 (a plot of
compressive strength versus cement content for SllG and S12B) is an
average strength of three test specimens. At 10% cement, with a 7
day cure, S12B samples produced 200 psi while SllG samples produced
270 psi.
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Durability, as measured by the Brush Test, was within the accept­
able tolerances of the Portland Cement Association for both SllG and 
S12B, i.e., no specimen lost over 10% of its weight (Table 12). Figure 
39, an average of two test specimens from Table 12, is a plot of weight 
loss versus cement content for SllG and S12B.
Lime Stabilization
Compressive strength of SllG and S12B samples containing 4% lime 
and cured to 14 days did not exceed 23 psi (Table 13). Compressive 
tests were run on samples containing 4% lime by weight. Each point 
on Figure 40 (a plot of compressive strength at 3, 7, and 14 days) 
is an average of three compressive specimens. Compressive strengths 
for SllG samples are slightly higher than those for S12B but strengths 
for both SllG and S12B were within the range of 18 to 23 psi.
Addition of lime to samples SllG and S12B had no short time effect 
on the liquid limit but increased the plasticity of the soil slightly. 
Liquid limits and plastic limits were run on samples containing 1%,
2%, 3%, and 4% lime by weight. Soil-lime mixtures were cured for 48 
hours, 72 hours, and 7 days before liquid limits were run according to 
ASTM D423 and plastic limits were run according to ASTM D424. Table 
14 summarizes the effect of lime on the Atterberg Limits.
The pH (LDH TR 430-67) of SllG-lime and S12B-lime mixtures did not 
vary with time, but increased with increases in lime content until a 
pH of 12.2 was reached. Table 15 lists pH values for SllG and S12B 
at 0 to 4% lime content for curing times of one hour to seven days.
The pH of samples SllG and S12B increased to 11.7 when 1% lime is
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Cement Content
Sample 6% 8% 10% 12% 14%
Percent Weight Loss
S12B
S12B
SllG
SllG
5.7 
5.9 
9.5
6.7
5.7
5.9
7.4
3.6
6.2
3.0
3.1 
3.9
3.8
1.8 
1.9 
2 . 2
1.8
1.8
1.7
3.1
Sample
TABLE 13 
COMPRESSIVE STRENGTH* OF 
SOIL-LIME MIXTURES IN PSI (4% LIME)
Curing Time
72 Hours 7 Days 14 Days
SllG (Chloe) 
S12B (Iowa)
22.3
18.0
23.1
21.5
20.7
19.4
*Average of three specimens per data point
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TABLE 14
ATTERBERG LIMITS OF SOIL-LIME MIXTURES
Sample SllG (Chloe)
 48 Hours
Lime
72 Hours
Liquid 
Content Limit
Plasticity
Index
7 Days
Liquid Plasticity Liquid Plasticity
Limit Index Limit Index
0%
17o
2%
37o
4%
20
19
20
19
20
0
1
1
2
3
20
19
20 
20 
22
0
1
3
2
2
20
19
21
21
19
0
2
4
3
0
Sample S12B (Iowa)
07o
17o
2%
37o
47o
23
21
20
21
21
0
1
0
1
2
23
22
23
23
0
3
3
23 
22
24 
23 
23
0
3
4 
4 
4
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TABLE 15 
pH* OF SOIL-LIME MIXTURES
Sample SllG (Chloe Silt)
Lime Lapsed Time
Content 1 Hr 2 Hr 3 Hr 4 Hr 5 Hr 6 Hr 2 Days 3 Days 7 Day:
07o 6.5 6.1 6.3 6.2 6.1 6.1 6.1 6.1 6.1
1% 11.8 11.8 11.7 11.7 11.5 11.5 12.1 11.5 11.4
27„ 12.2 12.2 12.1 12.1 12.1 12.1 12.1 12.2 12.1
37„ 12.2 12.2 12.1 12.2 12.2 12.2 12.1 12.2 12.2
47o 12.2 12.2 12.2 12.2 12.2 12.2 11.6 12.2 12.2
Sample S12B (Iowa Silt)
07. 7.3 7.3 7.3 7.4 7.3 7.3 7.3 7.3 7.3
17. 11.9 11.8 11.8 11.7 11.7 11.7 12.1 11.8 11.6
27. 12.2 12.2 12.1 12.1 12.1 12.1 12.1 12.2 12.1
3% 12.2 12.1 12.2 12.2 12.2 12.2 12.1 12.2 12.2
47. 12.2 12.2 12.2 12.2 12.2 12.2 11.7 12.2 12.2
*Soil to water ratio 1:5 by weight
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addod and to 12.2 when 27. or more lime is added.
Addition of lime to SllG and S12B had little effect on standard 
compaction results. Compaction tests were run on samples of 17., 27.,
37., and 47. lime by weight. The soil-lime mixtures were cured at 57. 
below the water content at the plastic limit for 2 days, 3 days, and 
7 days (Table 16). A slight decrease (1 to 2 lbs. per cu. ft.) in 
maximum density can be seen for SllG especially at 3 and 7 days cure 
times. Sample S12B, however. Increases its maximum density slightly 
(1 to 2 lbs. per cu. ft.) at 2 and 3 days cure time but no change can 
be seen in the samples cured 7 days.
Addition of lime to samples SllG and S12B increases the amount of 
sand size particles and reduces both clay and silt size particles of 
both samples. Table 17 lists the grain size of samples SllG and S12B 
for lime contents of 0 to 47. at cure times of 2, 3, and 7 days. At 
47. lime, sand size particles comprise 407. of the sample and clay par­
ticles have been reduced to less than 4% from 15%. Increases in curing 
time reduces the amount of clay size particlea when lime has been added.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
89
TABLE 16 
COMPACTION RESULTS WITH LIME
Sample SllG (Chloe)
Slakinft Time
Lime 48 Hours 72 Hours 7 Days
Content Ibs/cu ft w % Ibs/cu ft w % Ibs/cu ft w %
0 106.4 14.3 106.4 14.3 106.4 14.3
17o 106.2 14.1 105.5 14.9 106.4 14.5
27o 105.4 15.0 104.6 15.0 105.8 15.2
3% 106.2 14.1 104.8 14.4 104.7 14.9
47o 104.7 15.2 102.9 15.6 102.6 16.1
Sample S12B (Iowa)
0 102.6 15.4 102.6 15.4 102.6 15.4
17o 104.5 14.8 105.2 14.6 101.7 18.1
27o 104.5 15.3 105.2 14.6 102.8 15.6
3% 104.0 15.7 104.5 14.7 102.9 16.0
4% 101.3 16.9 104.3 15.9 103.4 16.0
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DISCUSSION OF RESULTS
Moisture Problem
Initial permeability and drainage tests confirm the observation 
that silts hold moisture suspended in their pores. Tests with polar 
and non-polar fluids indicate electro-chemical charges may be re­
sponsible for suspending the moisture. Disturbance further reduced 
the permeability of these silts. The effect of disturbance was best 
demonstrated when no flow occurred in the permeater under two meters 
head of water after glycol, a polar liquid, was mixed with sample S12B. 
Disturbance of the soil brings more polar liquid into contact with the 
electro-chemical forces allowing the liquid to seal the soil pores.
Loose Structure
In-place dry unit weights were lower for unstable silts than for 
stable silts indicating they have a looser larger structure and po­
tential for subsidence. In-place unit weights and grain size of un­
stable silts are similar to those reported by Clevenger (1956, p. 2) 
for collapsible soils.
Results of the surcharge compression tests (Figure 17) indicate 
sample SllG (stable silt) assumes a denser structure after remolding 
than SlOB (unstable silt) and S12B at all applied stresses. The 78,
88, and 80 lbs. per cu. ft. achieved by SlOB, SllG, and S12B respec­
tively, perhaps by coincidence, are the same as their in-place unit 
weights (Table 5). The denser structure of SllG is probably the reason 
it is relatively more stable than samples SlOB and S12B. Increasing 
surcharge stresses by 300% (400 to 1,200 lbs. per sq. ft.) increases 
the density of the samples less than 5% (4 lbs. per cu. ft.).
91
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The tendency for these silts to retain their low relative densi­
ties explains why the unstable silts remain a construction problem 
even after they have been reworked by farming or disturbed by construc­
tion equipment. Most criteria for collapsible soils (Clevenger, 
Denison, Gibbs and Bara, Soviet Code, Feda, Gibbs, Kassiff, and Henkin) 
are based on, or include, a measure of the voids in a soil.
Standard compaction test results are the most outstanding proof 
of the difference in mechanical properties of the remolded silts.
Higher compaction densities obtained with SllG confirm that this soil, 
which has been successfully used as a fill material on the Interstate 
10 Highway east of Lake Charles, is more stable than the others. Maxi­
mum densities obtained by standard compaction are reached at a higher 
moisture content in the unstable silts than in stable silts. Higher 
optimum moisture contents obtained from standard compaction tests 
indicate the moisture holding forces are responsible for a looser soil 
structure. The magnitude of the moisture holding forces could well be 
responsible for the linear relationships between maximum density and 
moisture content of the Lafayette and New Iberia soils (Figures 33 and 
34).
The Calgon Reaction
The Calgon test proved to be very practical and important because 
it is easily applied to disturbed soils for identification of unstable 
silts. In preparation for the mechanical analysis, a routine soil 
classification test, a color observation can be made from the calgon 
soaked soil before it is placed in a 1000 ml graduate. The color 
reactant in the soil may be the responsible ingredient for, or
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associated with, the electro-chemical charges which hold the moisture 
in the soil.
Analyses of the calgon liquor do not conclusively identify the 
material in it as lignin. Infra-red spectrographs indicate lignin is 
present, but more and better defined peaks are necessary for positive 
identification. A better infra-red spectrograph could not be obtained 
because the black color obscured the light. No reports of x-ray dif­
fraction or differential thermal analysis of lignin could be found in 
literature, but results from these tests are included in Appendix E 
in hopes that some future researcher can identify the material.
In samples containing low percentages of organic material, such as 
S12B and SlOB, the liquid limit was reduced in the Calgon washed test 
approaching the liquid limit of SllG (Table 11). High organic contents 
obscured this effect because the organics caused an increase in the 
liquid limit. The change in liquid limit Increased linearly with in­
creasing organic content in the New Iberia samples (Figure 37).
The Role of Clays
The presence of the swelling clay mineral, montmorilIonite, in 
unstable samples S12B and SlOB explains in part their undesirable 
engineering characteristics. Stable sample SllG contains vermiculite, 
which is also a swelling clay mineral, though not as active. Mont­
moril Ionite can expand its lattice structure to lOOA or more in water 
whereas vermiculite only expands the distance of a few molecular layers 
(approximately lOA) (Grim, 1968, p. 252). Difference in swelling prop­
erties of their clay minerals is probably one reason why unstable 
silts seem to hold their moisure in suspension.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
94
Collapse Test
The collapse test proved to be a useful indicator of the relative 
stability of a silt. Maximum values of collapse (.236 and .145 in. 
per in. for S12B and SllG,respectively, under a 16 tons per sq. ft. 
load; Figure 30) show unstable silts have the capacity to subside 
twice as much as stable silts. Maximum values of collapse are be­
lieved to be most representative of field conditions because many 
samples were disturbed during sampling and sample preparation.
Electron Micrographs
Electron micrographs of samples SllG and S12B (Figure 19, 20, 
and 21) indicate they were formed by the same geologic processes.
Both samples have similar particle shapes and micro-diatoms or plant 
structure. Both samples also contain aglomerated soil particles.
Similar geologic formation for SllG and S12B is supported by 
their massive structures, i.e., no bedding planes or ordered arrange­
ment of soil particles exists, and by their occurrence in the former 
Red River and Mississippi River flood planes.
Leaching
The chemical analyses through the soil profile failed to show 
that a soil binder such as calcium carbonate was leached out of the un­
stable silts and redeposited in lower horizons. If a soil binder had 
been leached out of the unstable silts but remained in the stable silt, 
a reason for the difference in density would have been discovered.
In fact, plant extractable minerals increased more rapidly throughout 
the profile in stable sample SllG than in unstable samples S12B, SlOB,
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TS7, and TS17 indicating the electro-chemical forces have protected 
the unstable silts from weathering more than the stable silts. Pro­
tection of unstable soils from weathering, too, could account for the 
presence of lignin in the silts.
Identification of Additional Unstable Deposits
The usefulness of identification tests, developed herein, is 
proved by the extension of the known unstable silt deposits in the 
Iowa, La. (Figure 29) and the New Iberia, La. (Figure 13) areas. 
Identification of these deposits, in turn, reinforced the findings of 
differences in both disturbed tests (Calgon test and standard compac­
tion) and undisturbed tests (in-place unit weight and collapse test). 
Because of the data reinforcement, a collapse criterion for Louisiana 
silts was developed with more confidence.
Collapse Criteria for Louisiana Silts
Based on the data and analysis contained in this study, the fol­
lowing common characteristics of collapsible silts are identified; 
a combination of two of these characteristics can be used to identify 
collapsible silts.
1. In-place unit weight of undisturbed silt should be less than 80 
lbs. per cu. ft.
2. Maximum density obtained by standard compaction (ASTM D 698) must 
be less than 104 lbs. per cu. ft.
3. The liquor of silt and stock solution (Calgon and water) from the 
mechanical analysis should be black in color after the solids 
have settled. (See Appendix A "Calgon Test)
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4. The sample should undergo a minimum of 15% strain from 0 to 16 tons 
per sq. ft. in a collapse test.
Comparison With Other Criteria
Samples S12B and SllG, selected as the most representative of 
unstable and stable silts, respectively, are compared to the collapse
criteria set forth by other researchers. Sample S12B is classified
as collapsible by all 7 of the criteria and sample SllG is classified
as collapsible by 6.
According to the in-place unit weight criteria, S12B is col­
lapsible soil and SllG is not collapsible (Clevenger, 1956, p. 60). 
Undisturbed in-place unit weights on a dry basis are less than 80 
lbs. per cu. ft. at Iowa and 90 lbs. per cu. ft. at Chloe. Moisture
content, which must exceed 20% according to Holtz and Hilf (1961, p.
p.677), varies between 18% and 26%.
Both S12B and SllG silts are classified as collapsible soils 
according to Denison's coefficient of subsidence (Sultan, 1969, p. 6). 
According to the criterion, a coefficient of subsidence, which is the 
ratio of the void ratio at the liquid limit to the natural void ratio, 
between 0.5 and 0.75, indicates a highly collapsible soil. The co­
efficient of subsidence was 0.60 at Iowa and 0.66 at Chloe.
The soil voids must be sufficient to contain the moisture of 
the soil at its liquid limit according to the criterion by Gibbs and
Bara (1962, p. 234). The voids required to contain the average liquid
limit of 23.3% of SI2B samples is 0.60. Sample S12B's natural void 
ratio is near 1.00. The void ratio required for SllG's liquid limit
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of 20.0% is 0.52. Sample SllG's natural void ratio is 0.79.
Both S12B and SllG soils meet the collapse criterion for loessal 
soils in the Soviet Building Code (Sultan, 1969, p. 9), because the 
Soviet criteria is less rigid than the criteria in the preceding para­
graph. The Soviet criteria and the criteria by Gibbs and Bara are 
concerned only with the void ratios at the liquid limit and in the na­
tural state.
According to Feda's suggestion (1966, p. 213), granular soils are 
subject to collapse if their natural porosity exceeds 40%. The porosity 
of S12B is 50%, well above the 40% limit. SllG, however, has a poros­
ity of only 44%, which is near the borderline of non-collapsible soil.
The collapse ratio developed by Gibbs (Sultan, 1969, p. 10) indi­
cates S12B and SllG are collapsible soils. A ratio greater than one 
indicates collapse. S12B has a collapse ratio of 1.65 and SllG has 
a collapse ratio of 1.69.
The criteria proposed by Kassiff and Henkin (1967, p. 16) indi­
cates that S12B and SllG are both collapsible soils. Their criteria, 
that a factor defined as the product of dry density and moisture 
content must exceed 15, applies only to loess and is sensitive to 
the moisture content.
Table 18 summarizes the application of collapse criteria to 
samples SlOB, SllG, S12B, and Iowa samples TS1-TS19. The criterion 
that in-place unit weight be below 80 lbs. per cu. ft., proposed by 
Clevenger, most clearly fits the author's criteria. The difficulty 
with Clevenger's criterion above, however, is that it is increasingly 
more difficult to find undisturbed surface deposits. The New Iberia
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
CD
■D
O
Q .
C
g
Q .
■D
CD
C/)W
o'
3
0
3
CD
8■D
( O '3"
1
3
CD
"nc
3.
3"
CD
CD■D
O
Q .
C
aO
3
■D
O
CD
Q .
■D
CD
(/)(/)
S - Stable 
C - Collapsible 
N - Net Applicable
TABLE 18
SUMMARY OF APPLICATION OF COLLAPSE CRITERIA
Kassiff &
Sample Thornton Clevenger Denison Gibb's Bara Soviet Code Feda Gibbs Henkin
SllG S S C C C C C C
S12B C C C C C C C C
SlOB C C C C C C C c
TS 1 S S N S S C C N
TS 2 S s N C c S C N
TS 3 S s N C c C C N
TS 4 S s N S c S S N
TS 5 S s N C c S C N
TS 6 s s N C c S C N
TS 7 s s N C c S C N
TS 8 s s N C c S C N
TS 9 s s N C c S C N
TS 10 s s N C c S C N
TS 11 C s N C c C C N
g
CD
■D
O
Q .
C
g
Q .
■D
CD
C/)W
o"3
0
3
CD
8■D
( O '3"
1
3
CD
"nc
3.
3"
CD
CD■D
O
Q .
C
aO
3
■D
O
CD
Q .
TABLE 18 (Continued)
SUMMARY OF APPLICATION OF COLLAPSE CRITERIA
Kassiff &
Sample Thornton Clevenger Denison Gibb's Bara Soviet Code Feda Gibbs Henkin
TS 12 S S N C C S C N
TS 13 S S N N N N N N
TS 14 S S N N N S N N
TS 15 S S N C C S C N
TS 16 S S N C C s C N
TS 17 C C N c c c c N
TS 18 C S N c c c c N
TS 19 C c N c c c c N
T 3
CD
(/)(/)
Key
C - Collapsible 
S - Stable
N - Not Applicable or No Data Available
VO
100
samples, for example, do not meet Clevenger's critria because of farm­
ing operations.
Stabilization
Sample S12B required more cement than sample SllG to obtain the 
same compressive strength. Additional cement is required in S12B 
because the lignin acts as a deleterious material in the cement hy­
dration reaction. Durability is good for both silts. Cement, then, 
is an acceptable stabilizing agent for these soils if it can be in­
corporated economically into the soil by construction equipment.
Compressive strengths with lime as a stabilizing agent did not 
exceed 23 psi in 7 days. Lime, however, continues to react with soil 
for years, increasing its strength with time. Recent reports from 
highway engineers indicate lime has successfully stabilized the un­
stable silt along U.S. Highway 90,which is referred to in this re­
search as New Iberia soils (Figure 13).
Addition of lime to samples S12B and SllG had no effect on the 
liquid limit which indicates there was little pozzolanic reaction or 
that the reaction was slow. Slight increases in the plasticity of 
these soils are the result of the unreacted lime acting as fines.
The effective grain size of soil-lime mixtures increased with 
Increased curing time, indicating the pozzolanic reaction is slow.
An increase in grain size accounts for the increase in the standard 
compaction tests of sample S12B.
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CONCLUSIONS
Collapsible silts exist in a band across southwest Louisiana 
from Lafayette and New Iberia to the Texas border. The soil areas 
in which collapsible silts are found include the coastal prairies, 
loessal hills and Mississippi terraces.
A loose flocculated structure exists in the collapsible silts of 
Louisiana due to forces which attract and hold moisture to soil 
particles. Attachment of moisture to soil particles makes the soil 
less permeable, harder to drain, and therefore more resistant to 
weathering.
The criterion that two of the following four requirements be met 
for identification of a collapsible silt in Louisiana is more applicable 
than earlier criteria for collapsible soils because it is based on 
engineering experience in Louisiana.
1. In-place unit weight of undisturbed silt should be less than 80 
lbs. per cu. ft.
2. Maximum density obtained by standard compaction (ASTM D 698) 
must be less than 104 lbs. per cu. ft.
3. The liquor of silt and stock solution (Calgon and water) from 
the mechanical analysis should be black in color after the solids 
have settled out.
4. The sample should undergo over 15% strain from 0 to 16 tons per 
sq. ft. in a collapse test.
The above criterion has the advantage over earlier criteria of being 
able to identify a collapsible silt with disturbed samples.
101
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Collapsible silts in Louisiana can be stabilized with lime or 
cement, provided construction equipment can incorporate them into the 
soil. Additional research is needed on stabilization to determine 
the long term effects of lime on collapsible silts and to relate the 
moisture content of the soil to equipment trafficability.
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Appendix A contains the following testing procedures:
1. Calgon Test
2. In-Place Unit Weight Determination -- Nuclear Method 
(Louisiana Department of Highways TR:401-67)
3. Soil pH (Louisiana Department of Highways TR;430-67)
4. Soil pH (L.S.U. Agronomy Laboratories)
5. Soil-Lime Stabilization Tests
"CALGON TEST"
The "Calgon Test" is a color test developed in this study to 
distinguish between stable and collapsible silts in southwest 
Louisiana.
1. Place 100 grams of prepared silt in a 500 ml beaker.
2. Add 3 grams of Calgon (Brand name for sodium metahexa- 
phosphate) and 300 ml of distilled water.
3. Observe the color of the liquid after allowing the sample 
to settle overnight.
A black color in the liquor as is shown in Figure 18B, p. 44 
indicates the soil is collapsible.
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In-place Unit Weight Determination 
Nuclear Method 
La. Dept, of Hwys. TR:401-67
Scope
This method of test is intended to determine the density and 
moisture content of soils, aggregates, stabilized soils, and stabilized 
aggregates in the natural state or after compaction by counting a pro­
portional number of events occurring as a consequence of the inter­
action of a radioactive substance with the material to be tested.
Apparatus
1. Scaler -- Troxler Model 200B with a maximum counting rate of 
25 kilocycles per second, equivalent to a resolution time of 40 micro­
seconds, and associated electronic equipment.
2. Surface Moisture Guage -- Troxler Model 117 (w/source) and 
Reference Standard. Any Louisiana Department of Highways accepted 
standard method of determining moisture content may be used in lieu 
of the surface moisture guage.
3. Surface Density Guage -- Troxler Model SC -- 120 (w/source) 
and Reference Standard.
Procedure
After selection of the test location, an area approximately 30 
inches square shall be carefully leveled and smoothed. If necessary, 
a very thin (1/8 inch or less) sand blanket may be applied to reduce 
any large air voids.
The density device shall be connected to the scaler and allowed
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to count continuously for a minimum of three minutes in order to assure 
a sufficient warm-up of the density device and the scaler. A standard 
count shall then be run on the reference standard. (A standard count 
shall consist of the sum of three one minute counts, none of which shall 
deviate from the average by more than 2.0 times the square root of 
the average. For subsequent tests on the same job on the same day 
a one minute count should be run on the standard. If this count is 
within 2.0 times the square root of the average of the original stan­
dard count then the original standard count may be used for the test 
and no additional warm-up is required.)
A vertical hole shall then be drilled into the test location to 
the required depth using the modified auger (the steel spike is used 
where it is difficult or impossible to use the brace and bit). The 
density device shall be placed on the test location and the probe
lowered to the desired depth. The device shall be pulled against the
side of the hole and firmly seated. Three one minute readings will be 
taken, none of which shall deviate from the average by more than 2.0 
times the square root of the average. The sum of these readings shall 
be divided by the standard count to give the percent of standard which 
is then plotted on the calibration chart to obtain the in-place wet 
density of the material. The density device shall then be disconnected
and removed at least 25 feet from the test location.
The moisture device shall then be connected to the scaler and 
after a three minute warm-up a standard count as described for the 
density unit shall be obtained on the polyethylene standard. The 
moisture device is then firmly seated at the test location and three
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one minute counts are obtained, none of which shall deviate from the 
average by more than 2.0 times the square root of the average. The 
sum of the three one minute readings is divided by the standard count, 
as previously determined, to get the percent of standard. The percent 
of Standard is plotted on the calibration chart and the water content 
in pounds per cubic foot is read on the ordinate.
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The Determination of the pH Value of Soil 
La. Dept, of Hwys. TR:430-67
Procedure
1. Prepare the soil in accordance with L.D.H. TR;411, Method A, 
(Mechanical Analysis).
2. Weigh approximately 10.0 + 0.1 gram of soil into 2 oz. waxed 
cup or glass beaker.
3. Add 50.0 + 5 cc of distilled or demineralized water to the 
soil sample.
4. Stir the sample vigorously and disperse soil well in water.
Stir the sample every 13 minutes in order to disperse the soil and make 
sure all soluble material is in solution.
5. Allow sample to stand for a period of one hour after addition 
of water. Record the temperature of the mixture and adjust pH meter.
6. Immediately before immersing electrodes into sample, stir and 
remove glass stirring rod. Place electrodes into solution and gently 
swirl so as to make good contact between the solution and the electrodes.
7. Allow electrodes to stand for 15 seconds in sample before 
reading.
8. Read and record the pH value to the nearest tenth of a whole 
number.
9. Rinse electrodes well while wiping lightly with a soft cloth 
to remove any film formed on the electrodes.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
112
The Determination of Soil Reaction (pH) 
L.S.U. Agronomy Laboratories
Procedure
Approximately 35 grams of air-dried soil are placed into a oz. 
paper cup and 35 ml. of distilled water are added with a filamatic 
vial filler. The force of delivery is sufficient to thoroughly mix 
the soil and water.
After 24 hours the suspension is agitated with an electric stirrer 
and the soil reaction (pH) is determined by inserting the electrodes 
into the suspension. A Leeds and Northrup No. 7401 pH-meter has 
proved to be very satisfactory for soil analysis. The pH-meter is 
standardized by using buffer solution adjusted to pH 4.0 and pH 7.0.
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Soll-Lime Stabilization Tests
Unconfincd Compression
Samples were molded according to ASTM D 559-57 at a moisture con­
tent determined from the standard compaction test. Specimens were 
cured at 100% humidity for 48 hours, 72 hours, 7 days, and 14 days 
then tested in compression at a strain rate of .05 inches per minute.
pH of Soil-Lime Mixtures
In this test lOg of soil-lime mix is stirred in a beaker contain­
ing 50cc of demineralized water. The pH readings were taken every 
hour for 6 hours. A second set of pH tests were run on soil-lime 
mixtures cured at water contents 5% below the plastic limit for 48 
hours, 72 hours, and 7 days because this moisture content was near the 
optimum moisture content for the standard compaction effort and there­
fore is representative of field conditions. After one hour, a pH 
test was run on the second set of samples as outlined above.
Grain Size
The effect of lime on grain size was studied by using a modified 
ASTM test (D 442). Four percent lime by weight was mixed with soil 
and cured at a water content five percent below the plastic limit for 
48 hours, 72 hours, and 7 days. After curing hydrometer analyses were 
run two ways. First, lOOg of soil-lime mixture was corrected for 
moisture content, and then run according to the ASTM procedure.
Second, the cured soil-lime mixture was dried at 110°F then repre­
pared to pass a 10 mesh screen before running the ASTM test.
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PIMPLE MOUNDS
Samples from "Pimple Mounds," mounds of silt twenty to eighty 
feet in diameter and one to three feet high, showed sudden decrease 
in volume (collapse) up to 20% under 0-16 tons per square foot load. 
Undisturbed and disturbed samples were taken along a cross section, 
shown In Figure 41, from a site four miles east of Lake Charles just 
off U.S. Highway 90. Pimple mound sites are located In Figure 29. 
Results from the collapse test, standard proctor, mechanical analysis, 
Calgon color-test, and Calgon washed test are given In Table 19. Col­
lapse tests Indicate that Pimple Mounds are collapsing soils because 
all six samples subsided between 11.8 and 20.2% of their height when 
subjected to a 16 ton per square foot load. Standard proctor results, 
however, were substantially higher than the silts examined previously, 
the lowest standard compaction density being 106.8 lbs. per cu. ft. 
Pimple mounds contained 24 to 42% sand, substantially more than the 
samples examined previously which contained as low as 1%, but no more 
than 20%, sand. Four of the six samples showed a black color when mixed 
In a Calgon and water solution. Calgon washing had no effect on samples 
with low organic content but, unlike other unstable samples, the liquid 
limit of samples containing 4% organic material was reduced.
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SUMMARY OF TEST RESULTS OF SOILS FROM "PIMPLE MOUNDS"
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PM 1 20.2 11.3 107.0 14.6 39 52 9 Black 18 18 0 2.4
PM 2 15.0 6.4 106.8 13.6 42 52 6 Black 18 18 0 2.7
PM 3 19.9 15.7 112.4 13.5 33 51 15 D. Gray 17 17 0 1.0
PM 4 11.8 0.7 108.2 13.6 35 55 9 Black 19 17 -2 2.2
PM 5 14.5 5.6 114.2 12.0 24 61 15 Black 21 18 -3 13.5
PM 6 14.4 8.3 114.8 13.0 26 53 21 Gray 21 16 -5 5.0
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Quantitative analysis of quartz, a stable mineral which Is highly 
resistant to weathering, was made by differential thermal analysis 
(DTA) using equipment manufactured by Robert L. Stone Co. Areas of 
endothermie peaks due to alpha quartz inversion were correlated (Smothers 
and Chlang, 1966, p. 125) for 100% quartz, mixtures of quartz, and 
100% silt. A typical DTA curve showing the quartz endothermie peak Is 
shown In Figure 42.
Iowa, Sulphur, and Chloe silts all contain a high percent of quartz. 
The unstable silts at Iowa, S12B, and Sulphur, SlOB, contain 76% and 
46% quartz, respectively. Results of the Iowa (S12B) and Sulphur 
(SlOG) analyses are shown In Figure 43 and 45. Chloe silt (SllG) con­
tains 60% quartz as shown In Figure 44.
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This appendix contains a total chemical analysis (Table 20), 
X-ray diffraction pattern (Figure 51), and differential thermal curve 
for Iowa, Louisiana (S12B) Calgon liquor.
TABLE 20
TOTAL CHEMICAL ANALYSIS -- S12B CALGON LIQUOR
Element
SiOo
AI2O3
CaO
^®2°3
MgO
PgOg (approx.)
Na (10%)
C
Unknown Substance
percent
11
6
3
3
1
30
20 (estimate) 
5
21
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